OBJECTIVE: Dietary factors, independent of total energy, may be important in promoting obesity. We examined prospectively the relationship between baseline diet composition and weight gain among adult men and women from southeastern New England. DESIGN: The prospective association of nutrient consumption and weight change was examined in a randomly selected cohort examined four years apart. SUBJECTS: Adults aged 18 through 64 years from two communities in Southeastern New England were randomly selected for the study after being interviewed in their homes. The present investigation is based on a subgroup of 465 individuals who completed a food-frequency questionnaire in 1986 or 1987 and were reinterviewed four years later. STATISTICAL ANALYSES: Multiple regression analyses were used to determine the association of weight change with different nutrients and food groups after adjusting for age, smoking status, baseline body mass index, physical activity level, and total energy. RESULTS: Total energy was positively associated with weight gain and age was inversely associated with weight gain. None of the nutrients or food groups were signi®cantly related to weight gain. CONCLUSIONS: These ®ndings indicate that weight gain increased with increasing baseline total energy intake, particularly in the young. Future research is required to determine ways of decreasing energy intake in younger individuals.
Introduction
In the United States, the prevalence of obesity has been estimated to range from 15±50%. 1±3 While the de®nition of obesity may vary among studies, it is evident that obesity is associated with an increased risk of a number of diseases including impaired glucose tolerance, non-insulin dependent diabetes mellitus, hyperlipidemia, hypertension, and pulmonary and renal problems. 3±5 In addition, obesity localized to the abdominal region, is associated with an increased risk of coronary heart disease (CHD) among men and women. 6 Even modest weight gains, not normally considered excessive, have been shown to increase the risk of CHD in middle-aged women. 7 Weight gain results from an excess of energy intake over energy expenditure. 8 This disequilibrium has been demonstrated in a number of experimental studies. 9, 10 In contrast, observations from some crosssectional studies have shown an inverse association between energy intake and obesity. 11, 12 One explanation for the inverse association is an underestimation of food intake by obese individuals. 11, 12 Another explanation is habitually lower physical activity levels among obese individuals. 13 A third explanation is that dietary factors, independent of total energy, may differentially affect weight gain with obese individuals consuming different nutrients or following different dietary patterns than nonobese individuals. 13 More recently, a fourth possibility, a genetic defect in adrenergic receptors, has been described. 14 Studies of both children and adults have demonstrated that individuals who consume low carbohydrate 15 or high fat diets, 16 regardless of the overall level of energy intake, have higher body weights. Several investigators have found that carbohydrate intake can promote obesity without excessive energy intake 17 while others have found a negative relationship between carbohydrate intake and obesity. 18, 19 These cross-sectional ®ndings suggest that factors other than total energy intake may be important in promoting obesity.
Few studies have prospectively examined the role of diet composition in the development of obesity. In one prospective investigation of women, Colditz et al 20 examined the relationships of diet and lifestyle factors with subsequent weight change over an eightyear period. They found that although the dietary composition was not predictive of weight change, prior weight change was predictive of subsequent weight change, suggesting that women may modify their diet in response to changing weight. 20 In a prospective study of men and women, Klesges et al 21 reported that dietary fat was directly predictive of weight change over a two-year period. French et al followed a cohort of men and women over a two-year period and found that changes in high fat food consumption, history of previous dieting, and current dieting were predictors of body weight change. 22 Because of the limited prospective information, we examined the relationship between baseline dietary factors and subsequent weight change in adult men and women from cohorts followed in southeastern New England.
Materials and Methods
The Pawtucket Heart Health Program (PHHP) has been described in detail previously. 23 Brie¯y, PHHP is a community-based study of cardiovascular disease prevention conducted in Pawtucket, Rhode Island and a similar comparison community. PHHP has completed six biennial cross-sectional household health surveys and three follow-up surveys (from 1981± 1993) . Respondents to the ®rst survey (1981±1982) were reexamined in 1986±1987 and again in 1991± 1992. For the present analyses, individuals who were interviewed during these two follow-up surveys comprise our study.
The protocol for PHHP was approved by the Memorial Hospital of Rhode Island Institutional Review Board on Human Research. Survey participants were originally identi®ed by randomly selecting households and then randomly selecting one participant, aged 18 through 64 y, from each household using the methods of Kish 24 and Deming. 25 Trained interviewers obtained information on demographic characteristics and on cardiovascular disease-related knowledge, attitudes, and behaviors. Medication use was based on self-report in response to a series of medication use questions. 26 All currently used medications that were present in the home at the time of the interview were reviewed and recorded by the interviewers. Since 1986, a food frequency questionnaire (FFQ) developed by Willett 27 was administered to a random subsample of PHHP survey respondents.
The interviewers measured height (without shoes) and weight (in light clothing). The presence of diabetes mellitus was determined by use of hypoglycemic agents and/or use of insulin. Smoking status was determined by asking whether respondents currently smoked cigarettes, whether they had quit smoking cigarettes within the past 12 months or whether they had never smoked cigarettes. Physical activity assessment was also based on self-report. Subjects were asked whether they engaged in regular physical activity and how many days per week they engaged in the activity. A subject was de®ned as participating in aerobic activity if they participated in physical activity`long enough to build up a sweat' at least 3 d week. Body mass index (BMI) was calculated as (weight in kg)/(height in m 2 ). In the present investigation, data have been pooled from Pawtucket and the comparison city since the cities had similar sociodemographic characteristics and cardiovascular risk factor levels at the ®rst survey. 28 For these analyses, baseline measures are de®ned as those measured in 1986±1987 which is the time of the ®rst food-frequency questionnaire and measures taken at both time points are de®ned as those measured in 1986±1987 and 1991±1992. In this study, we included individuals who were ®rst interviewed in 1981±1982, were reinterviewed in 1986± 1987, and were again interviewed four years later (1991±1992). Of the 1081 respondents to the 1981± 1982 survey, 556 individuals completed a baseline food frequency questionnaire (FFQ) and were also interviewed four years later. Ninety one participants were excluded for the following reasons: a number of women (9) who were pregnant at either time point were excluded because of possible concomitant changes in eating patterns or weight, seven individuals who were lacking body mass index measurements at either time point were also excluded. Twenty-three individuals who had ten or more missing items or extremely high or low scores for daily energy intakes on the baseline FFQ had to be excluded because of probable errors in reporting dietary intakes. To reduce confounding of diet and weight change, 52 people who had diabetes at either time point were excluded from the analyses. The ®nal analysis population consisted of 176 men and 289 women.
The semi-quantitative food-frequency questionnaire, developed by Willett et al and found to be reliable and valid in other studies, 29, 30 was used to assess the participant's food intake during the previous year. The FFQ listed food items, with serving sizes, and asked about the frequency of intake. The intake of nutrients was computed by multiplying the frequency of intake by the nutrient content of the food item. Foods were also grouped into broad categories (all red meats, processed meat, poultry and ®sh, all vegetables, all fruits) based on the National Research Council's Interim Dietary Guidelines and the American Cancer Society's recommendations. 31 Additional food categories were developed by one of the authors (KMG) for fats and oils, sweets and snacks and dairy products.
Statistical Analyses
Data analyses were performed using the Statistical Analysis System. 32 Univariate statistics were calcu-lated for all covariates of interest. Student's t-tests for independent samples were used to test differences between persons who received the FFQ and people who did not receive the FFQ. Diet variables were logarithmically transformed (log to the base 10) because of the skewed distribution of these variables. Age-adjusted mean weight changes were computed using analysis of covariance techniques. Age-and energy-adjusted nutrient intakes were also computed using analysis of covariance techniques. Multiple regression analyses were used to determine the association of weight change with different nutrients after adjustment was made for age, smoking status, body mass index, aerobic activity, and total energy. An analysis of covariance model for men and women combined was run with a gender by nutrient interaction term to assess the differential association between nutrients or food groups and weight change among men and women.
Results
The subgroup of participants who were excluded from the analyses were compared with the study participants to determine whether bias resulted from selective depletion of the study sample. As shown in Table  1 , the two groups differed with respect to education, physical activity level, attempted weight loss in the past 12 months, height and body mass index; study participants were better educated, more physically active, taller, and had a lower baseline body mass index. Study participants also reported more frequent attempts to lose weight in the past 12 months. They did not differ in any other characteristic. Age-adjusted weight change during four years of follow-up by level of baseline body mass index is presented in Table 2 . Signi®cant differences were found between individuals who gained !
Mean weight change by tertiles of selected age-and energy-adjusted baseline nutrients is shown in Table  3 . Except for the association of mean baseline weight and saccharin, the association of both mean baseline weight and mean weight change and other nutrients were nonsigni®cant. For saccharin consumption, individuals in the high tertile had the largest weight gain (1.4 kg).
The converse was also analyzed. Table 4 shows the relationship between median intake of total energy and selected nutrients by tertiles of weight change. Again the only nutrient signi®cantly associated with Dietary factors in relation to weight change DR Parker et al tertiles of weight change was saccharin. Although those gaining the most weight used saccharin, they also continued to consume sucrose. We also examined the relationship between physical activity levels by tertiles of weight change (data not shown) and found no signi®cant differences between tertiles of weight changes. The proportion of individuals who participated in regular aerobic exercise was 32, 35, and 33% for the lowest to the highest tertile of weight change, respectively.
The relationship between selected nutrients and weight change was examined in regression models. Self-reports of attempted weight loss within the past 12 months were included in preliminary models but were not signi®cantly associated with weight gain and were excluded from the additional analyses. The relationship between selected nutrients and weight change was examined in a regression model with men and women combined, adjusting for age, baseline body mass index, smoking, physical activity level, and total energy ( Table 5 ). None of the nutrients were signi®cantly associated with weight gain although age was negatively associated (P`0.001) with weight gain while total energy intake was positively related to weight gain (P 0.05). Reported physical activity level was not associated with weight gain. The regression model, without the dietary factors, accounted for 7.1% of the total variance in subsequent weight gain. The relationship between food groups and weight change was also examined but none were signi®cantly associated with weight gain.
Discussion
The current investigation examined the relationship between baseline dietary intake and weight gain over . In contrast, individuals with body mass index 26.0±29.99 kg/m 2 had a slight weight loss (70.48 kg). When individuals were examined by tertiles of weight gain and median intake of total energy and isolated nutrients, only saccharin consumption was signi®cantly associated with tertiles of weight gain. Only individuals who gained the most weight used saccharin. After adjusting for age, smoking, baseline body mass index, and total energy in regression models, none of the nutrients were signi®-cantly associated with weight change.
Our results are consistent with ®ndings from the Nurses' Health Study 20 which showed that women had a weight gain of 0.43 kg/y over 8 y of follow-up. We found a similar weight gain of 0.44 kg/y over 4 y of follow-up only among men and women who had the highest baseline body mass index (b 30 kg/m 2 ). These data are consistent with the national trend toward population weight gain 1, 33 and reinforce concerns about the obesity epidemic. 2, 6 Our results are consistent with several previous reports which found a positive association of weight gain with the use of arti®cial sweeteners (for example saccharin and/or cyclamates). 34, 35 This association has been examined in studies of both animals and humans. 34, 35 However, these results must be interpreted with caution since we did not have information Dietary factors in relation to weight change DR Parker et al on changes in consumption of saccharin and we do not know whether saccharin consumption was the cause or effect of weight gain.
The ®nding of a positive relationship between total energy and weight gain in the present study is in contrast to ®ndings of other investigators who have found no relationship between total energy intake and body weight. 16 Some studies 11, 13, 36 but not all crosssectional studies 37 have reported an inverse relationship between energy intake and body fatness. We suggest that cohort reexaminations represent a more accurate approach to this question.
While it has commonly been thought that the primary cause of obesity is overeating, combined with low activity levels, studies in both animals and humans have shown that the composition of the diet may promote obesity even without excessive energy intake. 18 Dietary fat and sugar have both been implicated in promoting obesity without excessive energy intake. 17, 18, 38 Miller 18 reported that rats fed a fat-rich and/or sugar rich diet became severely obese without overeating. In a metabolic study of 216 men and women, dietary intake of fat was positively related to body fatness while dietary intake of carbohydrates was inversely related to body fatness. 19 In a longitudinal study, Klesges et al, 21 found that dietary fat was a predictor of body weight change in a cohort of men and women over a two-year period. Although, in contrast, the present investigation and the Nurses' Health Study 20 both showed that the levels of dietary intake were only weakly related to changes in weight.
Several limitations on the interpretation of our data must be considered. Nutrient intake assessments were based on self-reports which may have resulted in measurement error. However, the use of the foodfrequency questionnaire to estimate nutrient intake has been found to be valid and represents a reasonable means of measuring dietary intake in epidemiologic studies. 39 Because only total nutrient intake was measured (namely frequency and quantity), variations in patterns of food intake could not be assessed. In the present investigation, we unfortunately did not have information on the caloric distribution throughout the day or the number of snacks or meals consumed, factors which may be related to the development of obesity. 40 In addition, lack of precision in the assessment of aerobic activity and attempted weight loss may explain the ®nding that these factors were not signi®cant independent predictors of weight gain in the multivariate models. Clearly total daily energy expenditure, not just that judged to be`aerobic' is an important factor.
It is possible that selection bias of the study participants due to differences in baseline characteristics (namely better educated, more physically active, a lower baseline body mass index, and more attempts to lose weight in the previous 12 months) compared to excluded participants limits the interpretation of our data. Our study participants reported healthier lifestyle behaviors which may tend to attenuate the association between nutrient intake and weight change. Despite the possible bias, our results are consistent with a previous epidemiologic study. 20 Our ®ndings suggest that total energy rather than the diet composition is important in the promotion of weight gain, particularly in younger individuals. An emphasis on balancing energy through reducing intake and increasing expenditure is needed. Currently it is unclear whether baseline diet composition is important in subsequent weight change. Our results showed that the only baseline nutrient even weakly signi®cantly associated with weight change four years later was linoleic acid. On the other hand, total energy, especially in the young and already overweight individuals, is strongly related to weight gain. The design and implementation of appropriate interventions for weight reduction, particularly in younger individuals, should include a means of reducing caloric intake as well as increasing habitual physical activity levels since both have been found to help maintain lean body mass during weight loss 4, 41 and are ef®cacious in the long-term maintenance of weight loss. 42 
